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FOUNDATION CONDITIONS IN THE CUYAHOGA RIVER VALLEY 


Ralph B. Peck,’ M. ASCE 


INTRODUCTION 


One of the most significant contributions of soil mechanics to foun- 
dation engineering during the ‘past 30 years has been the development of 
techniques for accurately describing the essential characteristics of de- 
posits of soil. Without this information, no records of construction ex- 
perience can be utilized to the extent of their potential value and no sub- 
stantial progress in foundation engineering can be made. 

The description of the essential characteristics of any subsurface 
deposit includes the results of borings and soil tests and a statement of 
the significant features of the geology. It also contains a digest of what 
is known concerning the behavior of the mass of soil as a whole, such as 
the results of field tests, of settlement observations, and of observations 
on the stability of structures. 

This paper is a summary of foundation conditions in a portion of the 
Cuyahoga River valley located within the city of Cleveland, Ohio. It is 
an example of several regional studies that have been made since the ad- 
vent of soil mechanics. It may be considered representative of recent 
progress in one important aspect of foundation engineering. 

Moreover, the city of Cleveland and the Cuyahoga River valley are in 
themselves of exceptional interest to the foundation engineer. The por- 
tion of the valley discussed in this paper is one of the most heavily 
industrialized regions in the nation. It contains several steel mills, re- 
fineries, and manufacturing plants. Because the walls of the valley con- 
strict the industrial area, there is a great concentration of heavily load- 
ed structures and of railways, bridges, and viaducts. Hence, a summary 
of foundation experience in the valley represents knowledge immediately 
applicable in engineering practice. 

Finally, the valley is of interest because of the complexity of subsur- 
face conditions and the necessarily close relationship between geology 
and civil engineering. This relationship will become apparent in the dis- 
cussion of subsurface characteristics. 


General Description of Subsurface Conditions 
In general, the city of Cleveland, Figure 1, is located on an upland at 
an elevation at least 660 ft avove sea level. The elevation of Lake Erie 


is approximately 573 ft. Much of the upland is underlain at shallow 
depths by bedrock formations, primarily of sandstone and shale. 


1. Research Prof. of Soil Mechanics, Univ. of Illinois, Urbana, Ill. 
513-1 


However, in and near the downtown section the upland is a relatively 
flat plain developed upon sediments deposited by the forerunner of the 
Cuyahoga River. 

The river itself follows a winding path in a generally northward di- 
rection through the city. It has eroded a valley of moderate width 
bounded by steep bluffs. The floor of this valley, represented by the 
stippled area in Figure 1, is at or below El. 600. 

An east-west cross section showing the subsurface conditions (Sec. 
E-W, Figure 1) is represented by Figure 2. This figure demonstrates 
that the existing valley is a relatively minor depression of the ground 
surface compared to a much more impressive valley in the bedrock sur- 
face. Indeed, the bottom of the bedrock valley is probably located below 
present sea level. The approximate eastern and western boundaries of 
the bedrock valley as well as the approximate location of its deepest 
portion are shown in Figure1. The width of the valley is at least 5 miles. 

Much of the bedrock valley is filled with deposits of clay till and of 
glacial lacustrine clay or silty clay. These deposits extend upward to 
about El. 560. They are overlain by sand and silty sand. 

Geological studies have indicated that the bedrock valley was the 
course of an important pre-glacial stream that flowed in a north-south 
direction. The northern extension of the stream is probably concealed 
in the basin of present Lake Erie. During several of the glacial ad- 
vances from the north the ice extended into the valley and enlarged it. 
Subsequently, it deposited some of the till sheets now found in the sub- 
soil. In addition, water was often ponded between the ice and the higher 
ground to the south, and glacial lakes were created in which lacustrine 
deposits were formed. The lacustrine clays and the till deposits are 
intermingled in heterogeneous fashion. 

Near the close of the glacial epoch the water on several occasions 
stood at a considerably higher level than that of present Lake Erie. The 
highest of these levels is believed to have been at El. 812. The Cuyahoga 
River, flowing from south to north, brought coarse-grained sediments 
into the lake and deposited a substantial delta over the area now occupied 
by the central part of the city. 

At various times subsequent to the maximum elevation of the lake, 
the water stood at different levels, some lower and some higher than 
that of Lake Erie. During the low-water periods the Cuyahoga River cut 
its present valley from the delta by removing the material between the 
existing bluffs. At the same time it helped to remove the material 
eroded from the top of the delta deposit and thus lowered the general 
level of the surrounding upland. During the high-water periods the river 
aggraded its valley floor with silty, sometimes organic materials. 

Thus, at the present time the Cuyahoga River is a relatively insignifi- 
cant stream flowing in a small valley which it has cut from sand depos- 
its laid down during the latter part of the glacial epoch by a much more 
important northward flowing river. The glacial river in turn was itself 
the successor to the much more ancient large river that carved the great 
bedrock valley underlying much of the city of Cleveland. 

In this paper attention will be concentrated on the small area outlined 
in Figure 1 and shown in greater detail in Figure 3. Within this region 
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are located several industrial sites in which a wealth of construction 
experience and of foundation and subsurface data has been obtained. 


Subsurface Formations 


The soil between the general level of the city (above El. 620) and the 
surface of the clays (about El. 560) consists of stratified sands and 
silts with moderate cohesion. The results of a typical boring are illus- 
trated in Figure 4. The boring was made in Area D, Figure 3, on the 
slope of one of the bluffs bounding the valley. The material probably 
represents the original deltaic formation. 

Immediately below the floor of the present valley the delta deposit 
appears to have been removed and replaced by soils consisting primari- 
ly of silty sands and silts interspersed with organic matter. As a rule 
the compressibility of these materials is relatively great and the rela- 
tive density is low. This is indicated by the right-hand part of Figure 
4, which represents a soil profile in Area A, Figure 3. The vertical 
lines correspond to borings, and the numerals on the right side of the 
lines represent the results of the standard penetration test. The blows 
per foot range from less than 1 to 10 or more, but the average value is 
on the order of 4. These values correspond to very loose materials. As 
a consequence only the most unimportant structures are established on 
the surface of these deposits. All major structures are established on 
foundations extending through the silty sands to the underlying clays. 

Almost all the material below the silty sand and above the bedrock 
consists of glacial clays. The clays have a bluish gray color and are 
with few exceptions at least moderately silty. No very soft clays are 
encountered in the locality. In detail, the clay deposit consists of alarge 
number of individual units each formed under its own particular geologi- 
can conditions. The characteristics of the various bodies differ to a con- 
siderable extent, and the properties of the clay in any one of the bodies 
are by no means constant from point to point. The general character and 
arrangement of the various units that make up the glacial clays can be 
inferred from the cross section, Figure 5. 

Figure 5 is a composite drawing showing the results of three groups 
of borings located in Areas C, B, and A, Figure 3. Thus, the drawing 
does not represent a cross-section to an accurate scale but is rather an 
idealization intended to show the similarities and differences among the 
various clays. 

From the four borings in Area C, continuous 2-inch thin-walled tube 
samples were recovered through the clay deposit of bedrock, which was 
encountered at about El. 450. Likewise the borings in Area A, five in 
number, furnished continuous 2-inch samples. These borings extended 
to about El. 440 but did not penetrate the deeper strata to the bedrock. 
In six of the borings in Area B, located between the other two areas, 
samples were obtained at 5-foot intervals by means of a 2-inch I.D. 
split spoon. In addition, one boring was made in which continuous 2-inch 
tube samples were obtained from El. 400 to 285. Unconfined compres- 
sive strength tests were performed on all the tube samples; the results 
are plotted in Figure 5. The split spoon samples as well as the tube 
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samples were described in detail in order to permit classification ac- 
cording to geological origin. 

Figure 5 suggests that at least seven major elements constitute the 
glacial clay deposits. Some of these, indicated by the horizontal hatch- 
ing, are unquestionably of lacustrine origin. They contain no pebbles 
and are either massive or somewhat laminated clays and silty clays. 

In some instances the clays contain numerous horizontal silt partings. 
Other materials, indicated by diagonal hatching, are unquestionably 
tills, deposited directly from the glacier without sorting by water. They 
contain pebbles of various kinds as well as inclusions of silt and sand, 
and show no signs of stratification. Finally, some of the materials, 
indicated by dashed diagonal shading, can best be classified as water- 
laid or stratified tills. These tills contain pebbles and are mixed- 
grained materials, but they also contain occasional distinct evidence of 
stratification and sorting. Such soils must have been deposited when 
the edge of the glacial ice was at least intermittently in contact with 
standing water. 

The index properties of each of the seven major deposits aie sum- 
marized in Table 1. As would be expected, the lacustrine deposits are 
generally more uniform and less strong than the tills. 

Both the geology of the area and the results of consolidation tests in- 
dicate that the clay deposits are all strongly preloaded. If the top of the 
original delta reached El. 812, corresponding to the highest lake level, 
the submerged weight of the material later eroded from above the pres- 
ent ground surface would have been about 5 tons per square foot. Con- 
solidation tests indicate that the lacustrine deposits were compressed 
under a load of this magnitude, and suggest an even greater degree of 
preconsolidation for some of the tills. 

The floor of the bedrock valley in the area shown in Figure 3 con- 
sists primarily of Chagrin shale of Ordovician age. The unconfined 
compressive strength of cores of the shale is generally found to be in 
excess of 100 tons per sq ft. 


Hydrostatic Conditions 


The free water surface within the valley is at or within a few feet of 
the level of the Cuyahoga River. Nevertheless, observations made in 
1942 in Area C demonstrated that certain portions of the clay deposit 
are subjected to appreciable hydrostatic uplift. At the site of one large 
structure, several Carlson-type porewater pressure devices were es- 
tablished at levels of about 15, 30, and 50 ft. below the surface of the 
clay deposit. These were later supplemented by closed-system Bourdon- 
gage assemblies. As soon as the instruments were installed and before 
the influence of any subsequent construction could have affected the pore- 
water pressures, the devices indicated pressures in excess of normal 
static pressures as shown in Figure 6. These pressures correspond to 
an upward hydraulic gradient of considerable magnitude through clay de- 
posit B, Figure 5. Moreover, during the installation of some of the 
porewater pressure gages there was a flow of groundwater from the top 
of the casing when its lower end was located at about El. 510. At least 
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several of the borings in the area indicated the presence of sand depos- 
its from six inches to several feet in thickness at the same level. These 
facts suggest that between clay deposits B and C there are patches or 
channels of relatively pervious granular material, possibly outwash, 
that communicate with the higher water table of the surrounding upland. 
The existence of an upward hydraulic gradient of the magnitude indicated 
by the porewater pressure devices is a matter of practical concern in 
any estimate of existing intergranular pressures in the clay deposit, 

and in any stability problem involving the clay. 


Piles and Pile Foundations 


Because of the generally unsatisfactory nature of the silty and sandy 
deposits just below the level of the valley proper, relatively few impor- 
tant structures have been founded on spread footings or rafts. Piles are 
the dominant type of foundation for heavy structures. They range in va- 
riety from friction piles extending a relatively short distance into the 
clay deposit to long point-bearing piles extending to bedrock where bed- 
rock is at an accessible elevation. Many dozens of pile-loading tests 
have been performed in various parts of the area. 

At location C, Figure 3, over 50 load tests were made on individual 
piles of various sorts. In most instances the piles were loaded to fail- 
ure. The results of these tests are summarized in Figure 7 in which 
the compressive-strength diagrams for the deepest and shallowest 
borings at the site are repeated from Figure 5. Some of the piles ex- 
tended only into the lacustrine deposit B. It is apparent that this layer 
does not possess sufficient strength and thickness to support pedestal- 
type piles, whereas cylindrical or slightly tapered piles developed mod- 
erate skin friction. The failure load for such piles was found to corre- 
spond to a skin friction approximately equal to the completely remolded 
shearing strength of the surrounding clay, in spite of the fact that the 
load tests were made from several days to several weeks after the piles 
were driven. This experience appears to be at variance with the results 
of pile tests in deposits of similar origin, as in Chicago and Detroit, 
where the skin friction appears to be approximately equal to half the un- 
confined compressive strength of the undisturbed clay. It is conceivable 
that the inability of the clay to develop its full strength adjacent to the 
piles is due to the failure of the clay to consolidate after pile driving on 
account of its preloaded character. 

At location A four load tests were made on steel pipe piles with an 
external diameter of 10-3/4 inches. These piles extended to elevations 
between 465 and 483. Thus their lengths varied from about 110 to about 
126 ft. The load-settlement curves for the tests are shown in Figure 8. 
Load-settlement curves for three similiar 10-3/4 inch piles driven in 
Area B are also shown in Figure 8. These piles varied from 112 to 170 
ft.in length. The driving record for the longest pile is typical for the 
three tests. It is apparent that the piles did not derive appreciable sup- 
port from end bearing. 

It is noteworthy that there is no consistent relationship between the 
results of the load tests on piles of any type and the computed values of 
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the bearing capacity as determined by means of one of the common pile- 
driving formulas. This is to be expected in a deposit consisting essen- 
tially of clays, wherein the piles derive their support primarily from 
skin friction. 

The driving of piles in the clay deposits has led to the conclusion 
that the clays are essentially imcompressible during pile driving. In 
the cofferdam for a bridge pier in the vicinity of Area B, Figure 3, 164 
pipe piles, 10-3/4 inches in diameter, were driven to about El. 415. The 
spacing was 3.5 ft. The piles near the edges of the pier heaved from 1 
to 5 inches, whereas those in the center heaved as much as 12 to 15 
inches. It was not found feasible to redrive the piles once they had 
heaved. However, inasmuch as the piles derived their support primari- 
ly from skin friction, redriving did not appear necessary. 

The depth to which 10-inch pipe piles can be driven with a given ham- 
mer is somewhat variable and undoubtedly reflects the nature of the 
subsurface conditions. A record of the length of several thousand piles 
driven at the site of one foundation in Area A is shown in Figure 9. It 
was intended that the points of the piles should reach a level between 90 
and 120 feet below grade. Although most of the piles were driven to 
these depths, a large minority could not be forced down. The shorter 
piles were located in the elongated area shown in the figure. It is proba- 
ble that the area represents a tongue of particularly resistant till. Al- 
though there were borings at the site on about 200-ft. centers, none hap- 
pened to be located in the region of the relatively short piles. This fact 
demonstrates convincingly that even a conscientiously planned boring 
program in deposits as erratic as those in the Cuyahoga Valley cannot 
disclose at reasonable cost all the significant variations in subsurface 
conditions. 


Settlement of Structures 


As a general rule the settlement of ordinary structures established 
on adequate foundations in the upper part of the clay deposit is not ex- 
cessive in the Cuyahoga Valley, on account of the relatively great degree 
of preconsolidation of the clays. 

The only large areas now subjected to loads approaching the estimat- 
ed preconsolidation load of 5 tons per sq. ft. are the storage areas for 
iron ore. Several of these are located in the valley. The ore is stored 
to a height of as much as 50 ft. Since the density of the ore is approxi- 
mately 160 lbs. per cu. ft.the actual load added to the clay is on the order 
of 4 tons per sq.ft. The settlement of the ground beneath these storage 
piles appears to be somewhat less than one foot, and it is probable that 
the seat of this settlement is in the sand and silt above the clay. When 
settlement of other structures did occur, it could generally be attributed 
to the overloading of pile foundations enough to cause slippage of the 
piles with respect to the surrounding soil. 

The behavior of structures of relatively large size exerting moderate 
loads on the original delta formations may be inferred from the history 
of a coke-oven battery in Area D, Figure 3. The battery was located 
partly in a cut made into the base of the bluff as shown in Figure 10. 
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Foundation conditions at the site are indicated by the first boring log in 
Figure 4. The structure was established upon a relatively flexible con- 
crete mat 3 ft. thick supported by a rolled slag subbase also 3 ft.thick. 
The entire structure was underlain by about 40 ft.of delta deposits which, 
in turn, were underlain by the series of glacial clays. During excava- 
tion of the soil from the site the rise of the ground surface was meas- 
ured at the points indicated in Figure 10. The excavation of 12.5 ft of 
soil caused a rise of only 0.75 in. The settlements of the structure after 
completion, as well as the loads acting at the base of the mat, are shown 
in Figure 10. It is apparent that the delta deposits in the bluff are rela- 
tively satisfactory foundation materials. They are relatively pervious, 
however, and great care must be exercised in lowering the water table 
to avoid development of quick conditions during excavation. 

Settlement problems have not been as significant in the valley as lat- 
eral movements. These will be discussed in the next section. 


Stability Problems 


Some of the most significant movements of foundations in the valley 
have been associated with the retaining structures built for the storage 
of iron ore. The lateral pressure of the ore against the retaining struc- 
tures is itself very great. In addition, the weight of the stored ore pro- 
duces large horizontal forces in the subsoil that tend to move the foun- 
dations of the retaining walls outward. The movement is greatest on 
the side of the retaining structures next to the river. 

Figure 11 shows an idealized section through one such retaining 
structure. It also shows a summary of the movements that occurred 
during the first 5 years of the life of the structure. The movements 
tend to be progressive. Under similar loads, other ore-retaining struc- 
tures in the locality have experienced movements over periods of 50 
years varying from about 16 inches to 6 ft. Yet, in spite of the magni- 
tude of these movements, there has been no outright failure of any re- 
taining wall for an ore storage yard in the Cleveland area. The move- 
ments must all be regarded as relatively large but normal deformations. 

The steel tie rods connecting the retaining walls shown in Figure 11 
were utilized as strain gages to measure the horizontal load carried by 
the walls. This load reached a magnitude of 35 tons per lineal foot of 
wall when the ore reached a height of 22 ft. According to earth-pressure 
computations the lateral pressure of the ore at this height should have 
been only 8 tons per sq.ft. The rest of the pressure was caused by the 
weight of the ore and the consequent lateral thrust on the pile foundations 
of the walls. It is obvious that this supplementary pressure was of con- 
siderably greater significance than the lateral pressure of the ore itself. 
Many of the stability problems in the area have arisen because of failure 
to recognize this fact. 


CONCLUSION 


In this paper the general characteristics of the subsurface materials 
within a restricted area of the Cuyahoga River Valley have been 
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presented. It is obvious that the variations in the deposit are such that 
no conclusions should be drawn regarding subsurface conditions at a 
particular site on the basis of the generalized information contained 
herein. Nevertheless, the information in this paper provides considera- 
ble insight regarding the behavior of the subsurface materials in the 
valley and should serve as a basis for planning exploratory programs and 
and making preliminary designs on future projects. 
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332(EM)*, 333(EM)°, 334(EM), 335(SA), 336(SA), 337(SA), 338(SA), 339(SA), 340(SA), 341(SA), 342(CO), 343(ST), 344(ST), 
345(ST), 346(IR), 347(IR), 348(CO), 349(ST), 350(HW), 351(HW), 352(SA), 353(SU), 354(HY), 355(PO), 356(CO), 357(HW), 
358(HY). 


DECEMBER: 359(AT), 360(SM), 361(HY), 362(HY), 363(SM), 364(HY), 365(HY), 366(HY), 367(SU)°, 368(WW)°, 369(IR), 
370(AT)©, 371(SM)°, 372(CO)°, 373(ST)°, 374(EM)°, 375(EM), 376(EM), 377(SA)°, 378(PO)°. 


VOLUME 80 (1954) 


JANUARY: 379(SM)°, 380(HY), 381(HY), 382(HY), 383(HY), 384(HY)°, 385(SM), 386(SM), 387(EM), 388(SA), 389(SU)°, 390(HY), 
391(IR)©, 392(SA), 393(SU), 394(AT), 395(SA)°, 396(EM)°, 397(ST)°. 


FEBRUARY: 398(IR)4, 399(SA)4, 400(CO)4, 401(SM)°, 402(AT)4, 403(AT)4, 404(IR)4 405(P0)4, 206(AT)4, 407(SU)4, 408(sU)4, 
409(ww)4, 410(AT)4, 411(8a)4, 412(PO)4, 413(HY)d, 


MARCH: 414(ww)4, 415(su)4, 416(sm)%, 417(SM)4, 418(AT)4, 419(SA)4, 420(SA)4, 421(AT)4, 422(SA)4, 423(CP)4, 424(AT)4, 
425(SM)4, 426(IR)4, 427(ww)4. 


APRIL: 428(HY)°, 429(EM)°, 430(ST), 431(HY), 432(HY), 433(HY), 434(ST). 
MAY: 435(SM), 436(CP)°, 437(HY)°, 438(HY), 439(HY), 440(ST), 441(ST), 442(SA), 443(SA). 


JUNE: 444(SM)®, 445(SM)®, 446(ST)®, 447(ST)®, 448(ST)®, 449(ST)®, 450(ST)®, 451(ST)®, 452(SA)®, 453(SA)®, 454(SA)é, 
455(SA)®, 456(SM)e. 


JULY: 457(AT), 458(AT), 459(AT)°, 460(IR), 461(IR), 462(IR), 463(IR)°, 464(PO), 465(PO)°. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 475(SM), 476(SM), 477(SM), 
478(SM)°, 479(HY)°, 480(ST)©, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)°, 492(SA), 493(SA), 494(SA), 
495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501(HW)°, 502(WW), 503(WW), 504(WW)°, 505(CO), 506(CO)°, 
507(CP), 508(CP), 509(CP), 510(CP), 511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 521(IR), 522(mR)°, 523(AT)°, 
524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 530(EM)°, 531(EM), 532(EM)°, 533(PO). 


a. Presented at the New York (N.Y.) Convention of the Society in October, 1953. 

b. Beginning with “Proceedings-Separate No. 290,” published in October, 1953, an automatic distribution of papers was in- 
augurated, as outlined in “Civil Engineering,” June, 1953, page 66. 

c. Discussion of several papers, grouped by Divisions. 

d, Presented at the Atlanta (Ga.) Convention of the Society in February, 1954. 

e. Presented at the Atlantic City (N.J.) Convention in June, 1954. 
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